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FHRXE B Effect of different chemically modified starches on the physico-

chemical properties and microstructure of stirred non-fat yoghurt
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Introduction and purpose

Yoghurt is made by fermentation of fresh milk using lactic acid starter cultures to give a
pH value of 3.8-4.6. Yoghurt is an excellent source of protein, calcium, phosphorus,
riboflavin, thiamin, vitamin B2, folate, niacin, magnesium and zinc. In addition, lactose
in milk is converted into lactic acid during fermentation, lactose-intolerant people can
consume yoghurt without any adverse effect. Low-fat or non-fat yoghurts are popular due
to their nutritional characteristics. However, reducing the fat content of yoghurt alters its
structural and mechanical characteristics, resulting in poor food texture characteristics
and high whey separation. Fat replacers such as skim powder, gelatin and starch are
commonly added to increase the total solids content of the milk resulting in desirable low-
fat or non-fat yoghurts. Starch is a cost-effective thickening agent widely used in the dairy
industry to increase viscosity, improve mouthfeel and reduce syneresis. However, native
starch is insoluble in water and does not tolerate high temperatures, shear and acid
conditions, making modification necessary to overcome these shortcomings. Hence starch
modification improves its functional characteristics. In yoghurt-making, chemically
modified starches can exert some positive effect. The use of chemically modified starches

for the improvement of physical properties of non-fat stirred yoghurt was investigated.

Materials and methods

Yoghurts were prepared from non-fat milk powder, sucrose and water. Three types of
starches were added to the non-fat yoghurts after fermentation at 1% (w/w). Addition of
starches at concentrations higher than 1% resulted in yoghurts that had a visibly

unacceptable gritty or grainy consistency. The starches included: tapioca starch acetates




(TSA-1, TSA-2 and TSA-3), tapioca distarch phosphates (TDP-1, TDP-2 and TDP-3) and
native tapioca starch with the modified starches varying in degree of substitution. To
evaluate the effect of acetylation or cross-linking and level of modification on the starches,
acetyl and phosphorus content, degree of substitution, swelling power, molecular weight
distribution and RVA analysis for pasting properties were assessed. The influence of these
starches on the physico-chemical properties of non-fat yoghurt was also evaluated. This
included measurement of titratable acidity, protein content, fat content, syneresis, particle
size distribution, flow behavior and dynamic viscoelastic properties of the yoghurts.
Furthermore, interactions between milk proteins and modified starches attributed to
protein surface hydrophobicity were characterized. Confocal laser scanning microscopy

(CLSM) studies were also conducted to observe the microstructure of the yoghurt.

Results

Analysis of the starches showed that modification had a significant influence on
physico-chemical properties of the starches. The degree of substitution of tapioca starch
acetates (TSA-1, TSA-2 and TSA-3 ) was found to be 0.019, 0.026 and 0.068, respectively.
As for the tapioca distarch phosphates (TDP-1, TDP-2 and TDP-3), the degree of
substitution was 0.0058, 0.0063 and 0.0081, respectively. Acetylation increased the
swelling power and peak viscosity of the tapioca starch, reducing its pasting temperature
and reducing the tendency of retrogradation. Cross-linking starch increased pasting
temperature and peak viscosity but reduced the swelling power and increased the
tendency of retrogradation of the tapioca starch. These characteristics had an impact on
the final yoghurt product.

The type of starch and their level of modification were shown to significantly determine
the physico-chemical properties of non-fat yoghurts. Particle size analysis showed the
formation of protein-starch complexes, as evidenced by the larger particle sizes observed
in non-fat yoghurts with starch. This is due to milk proteins adsorbing onto the
gelatinized starch granules, which in turn led to a strong casein network. Although
protein surface hydrophobicity results showed low hydrophobic interaction values, it can
be assumed that other types of interactions such as electrostatic interaction and
disulphide bonding had a more significant impact on protein-starch interaction. For the
non-fat yoghurts, reduced syneresis and higher values of flow behavior and dynamic
viscoelastic parameters were observed in yoghurts with starch acetates. These non-fat
yoghurts had lower syneresis and higher viscosity and storage and loss moduli due to
greater interaction between starch chains and casein micelles and the swelling of these
starches in the serum phase during heating. Results from rheological tests showed that
yoghurts with starch acetates exhibited higher yield stress, consistency coefficient (X)
values, hysteresis loop area, storage modulus (¢ ) and loss modulus (G” ). By increasing
the acetylation level of starch acetates, a decrease in syneresis and higher values in
rheological parameters were seen due to a higher number of acetyl groups incorporated

that caused more disruption in the intragranular structure. This, in turn, increased the



water binding of starch granules during the heat treatment. Contrary to this, the addition
of distarch phosphates to non-fat yoghurt resulted in high syneresis and lower values of
rheological parameters. By increasing the level of crosslinking, the non-fat yoghurts had
even greater whey separation and lower viscosity, dynamic viscoelastic moduli. A higher
degree of cross-linking led to stronger bonding between the starch chains that restricted
the swelling of the granules and thus, higher syneresis.

CLSM micrographs of non-fat yoghurts showed densely packed protein in the form of
large aggregates surrounded by an aqueous region and with fewer connections between
the aggregates. In full-fat and low-fat yoghurts, a homogeneous structure with well-
distributed protein connections was observed. The higher level of interactions occurring in
the gel network contributed to the less dense gel network with smaller pores, thereby
reducing syneresis. The yoghurt microstructure was significantly affected by the type of
starch and their interactions with milk proteins. Addition of native and distarch
phosphates (especially TDP-3) led to the formation of an interrupted and coarse gel
microstructure characterized by larger void spaces and fewer aggregates compared to
yoghurts with starch acetates. This resulted in lower viscosity, high syneresis and lower
moduli. Starch acetate-added yoghurts had a higher number of aggregates as well as less
porosity in the casein network when compared to the native and distarch phosphate-added

yoghurts.

Conclusion and consideration

This research demonstrated that the type of chemical modification of starch and the
level of modification affected the quality of non-fat yoghurt. Incorporating starch acetates
induced positive impact on syneresis, flow and viscoelastic properties and microstructure
of non-fat yoghurt while an adverse effect was observed with the addition of distarch
phosphates when compared to non-fat yoghurt. In addition, the modified starches induced
very different microstructure in the non-fat yoghurt. Starch acetates could have enhanced
the degree of interactions in the protein network by forming links between protein
aggregates resulting in a higher number of aggregates than the other non-fat yoghurts
and low serum separation. This led to low syneresis and higher viscosity and moduli
values.

This study illustrates that chemically modified starches can serve as functional
ingredients in non-fat yoghurt production to improve texture and reduce syneresis, but
care has to be taken in the choice of the type of modification as well as the level of
modification. TSA-3 starch, with the highest level of acetylation, therefore, is the most
suitable stabilizer in non-fat stirred yoghurt. The functionality of TSA-3 starch was
demonstrated by its ability to bind water leading to reduced syneresis and interacted with
the casein micelles to stabilize the protein network. The opposite effect was observed in
non-fat yoghurts with distarch phosphates indicating that these cross-linked starches are
not suitable for stirred non-fat yoghurts since they negatively impacted the quality of non-

fat yoghurt.
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